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The present invention relates to a process for preparing a functiorialized reaction product 
(RP) by reaction under free-radical conditions and also to the functionalized reaction 
product itself and to its use as macroinitiator for the preparation of graft copolymers. 
Furthennore, the present invention relates to a process for preparing graft copolymers by 
15 reaction of the reaction product (RP), to graft copolymers which can be prepared by this 
process and to the use of the graft cbpolyrners which can , be prepared according to the 
present invention. 

Graft copolymers are target structures which are steadily, increasing in importance in 
20 polymer chemistry. Such polymers are suitable for numerous applications, in particular for 

use in polymer mixtures to match the properties of these mixtui-es to a desired property 

profile. There are various methods for preparing graft copolymers. One of the most 
. efficient ways of preparing defined graft copolymers is the preparation of graft copolymers 

by grafting from a defined macroinitiator onto which siutable naonpmers are grafted by 
25 cationic polymerisation. 

A large number of macroiiiitiators which are suitable for free-radical or ionic 
polymerization arid have been prepared by virtually all possible polymerization techniques 
is known from the prior art. However, a difficuhy is the introduction of for example, 
30 initiator functions suitable for cationic polymerization into the macroinitiator. Examples of 
such interesting initiator ftmctions are groups' containing halogen or sulfonyi chloride. 
However, the preparation of defined macroinitiators functipnalized by the functional 
■ groups mentioned by customary free-radicaJ polymerization processes is problematical, 
since these initiator functions have a sfrong transfer tendency and are also reactive toward 
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anionic catalysts or trajosition metal catalysts, Various approaches to 5olutioiis to this 
problan are known from the prior art. 

'thuSj Bextin et al., Polymer Bull, 1996, 37, 337, describe the cphtrolled free-radical 
5 polymerization (CRP) 'of 4-vinylben2yl chloride (CMS) using TEMPO and its 
copolymerization with styrene. However, the use of TEMPO is restricted to styrene 
deriYatives since TEMPO is not suitable for the polymerization or copolymerization of 
polar monomexs sy.ch as niethyl methaciylate (MMA^^ 

10 - ATRP (atom transfer radical polymOTzation) is also unsuitable for preparing the desired 
macroinitiators functionalized by groups containing halogen or sulfpnyl chlpride, since 
halogen-containing monomers are themselves initiators for the ATRP 

Furthermore, controlled free-radical polymerization in the presence of diphenylethene 
15 (DPE) or its derivatives is known from the prior art, 

WO 00/37507 relates to a process for preparing a reaction product (A), which comprises 
the step (i); ; 
(i) reaction under free-radical conditions of a reaction mixture comprising at least one 
20 free-radically reactable monomer (a) "in the' presence of at least one free-radical' ■ 

initiator and a compound of the formula ■ i. • , 

. ■ • .R. . r; " ■. 

25 -where Rj to R4 are each, independently of one another, hydrogen, an in each case 

unsubstituted or substituted alkyl radical, cycloalkyl radical or aralkyl radical or an 
unsubstituted or substituted aromatic hydrocarbon radical, with the proviso that at 
least two of Ri to R4 are unsubstituted or substituted aromatic hydrocarbon radicals, 
in an aqueous phase, . 

30 

and also to a process for preparing a polymer using this reaction product. Reaction products 
which bear giroups containing halogen or sulfonyl chloride and are thus, suitable as 
macroinitiators, in particidar for cationic polymm 
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DE-A 19'9 61 063 relates to a process for preparing a reaction product (A), which 
comprises the step (i): 

(i) reaction imder free-:radical conditions of a reaction n?ixture comprising at least one 
free-radically reactable monomei- (a) in the presence of at least one free-radical 
5 initiator arid a cornpo'und of the formula 




where Ri to R4 are each, independently of one another, hydrogen,, an unsuhstituted 
10 or substituted alkyl radical, cycloalkyl radical or aralkyl radical or an unsuhstituted 

or substituted aromatic hydrocarbon radical, with the proviso that at least two of the 
radicals jR.i to.Rj are unsubstituied or substituted aromatic hydrocarbon radicals, or 
the radicals Ri and Ri or R3 and R4 in each case in pairs form a substituted or 
unsubstituted aromatic, hydrocarbon having from 6 to 18 carbon atoms and bearing 
15 a functional group which has a multiple bond between a carbon atom and a 

het^oatpm which is conjugated with the e-C double boh^^^^ 
where 1 0% by weight or less of water is present in. the reaction mixture during the reaction. 

DE'A 199 61 063 also relates to a process for preparing a polymer using the reaction 
20 product (A). This patent application, too^ does not disclose any reaction products bearing 
- groups containing halogen or sulfonyl chloride. 

It is an object of the present invention to provide a process for preparing reaction' products 
ftmctionahzed by groups containing haJogen or sulfonyl chloride,, \vith monomers 
23 containing halogen or sulfonyl chloride being able to be incorporated into the polymers 
without the groups containing halogen or sulfonyl chloride being lost in the process, so as 
to give polymers bearing groups which contain halogen or sulfonyl chloride and are 
suitable as initiator fimction. Such polymers have a great potential for numerous 
applications, 

We have found that this object is achieved by a process for preparing a reaction produrt 
(RP). fimctionali?ed by groups containing halogen or sulfonyl chloride by reaction of the 
following components under free-radical conditions: ■ 
a) at least one free-radically polymOTzable monomer as component (A), 



JUL; 2003 11:06 ' ISENBRUCK ET AL- 

0.2. 0050/53742/Sue 



Him • S, 6 



r4- 



30 



b) at least one comppiind of the foimula (1) as component (B) 




. 5 ■ . ■ ■ , : '■ \- '. ' . ' . ' ■., . -■■ . \ . ^ ' 

V where Ri. to R4 are each, independently of one another, hydrogen, an in each case 
•, . unsubstituted or substituted: alkyl radical, cycloalkyl radical or an aralkyl radical or 
- an unsubstituted or substituted aromatic hydrocarbpn radical, with the proviso that 
at least two of the radicals Ri to lU are unsubstituted or . substituted aromatic 
10 hydrocarbon radicals or the radicals Ri and R2 or R3 and R4 in each case in pairs 

form a substituted or unsubstituted aromatic hydrocarbon having from 6. tp .i8 
carbon atoms md bearing a ftinetional group which has a multiple bond betweeii' a 
carbon atom arid a heterbatom which is conjugated with the CrG double'bond in the' 
fbimula(r), 

"15 ■ ■ ■ \ , . 

c) at least one free-radical initiator as component (C), 

■ ' ' d) at least one free-radically polyinerizable monomer containing haipgeii or sulfonyl 
' chloride groups as component (D). ,. . . 
20' . ■"■ . ■ ■ ■ ' ' " : -■ / - ' . 

■■ A further; object, of, the invention is to provide a process for .preparing defined graft, 
copolymers. • 

. We have found that this object is achieved by a process for preparing graft copolymers by 
25 reaction of a reaction product (RP) as defined in the present patent application with at least 
one suitable mononiier (component (E)). This reaction is preferably a cationic- 
polymerization. - , 



■ Component A: 

For the purposes of the process of the present invention, it is possible to use all free- 
radically reactable monomers as monomers (component A): 
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For example, free-radically homopolymerizable or copolymerizable compounds which bear 
a hydropbilic group, e.g. a carboxyl group, can be used as monomers (component A), In 
this case, the monomers (component A) are hydrophilic, free-radically homopolymerizable 
or copolymerizable monomers, i.e. monomers .whose solubility in water is higher than tliat 
5 of styrene. 

Of course, it is also possible to use mixtures of various, hydrophilic monomers as 
monomers (component A) for the p\3;poses of the present invention. 

10 However, in a further embodiment of the present invention, it is also possible to use free- 
radieally polymerizable monomers which have a solubility in water which coixesponds to 
or is lower thjai that of styrene. . 

Furthermore, mixtures of at least one hydropbilic monomer and at least one hydrophobic ' 
15 monomer can also be polymerized by tlie process of the present invention. Specific 
exainples of monomCTS (component A) are: 

d'-Cao-alkyl and hydroxyalkyl esters of monoettiylenically . unsaturated Cj-Cio- 
' monocarboxylic acids or C4-C6-dicarboxylic acids, for example methyl methacrylate, ethyl 
20 methacrylate^ propyl methacrylate (all isomers), butyl methacrylate (all isomers), 2- 
ethylhexyl methacrylate, isobornyl methacrylate, methyl acryl ate, ethyl acrylate, propyl 
acrylate (all isomers), butyl acrylate (all isomers), 2-ethylhexyl acrylate, isobornyl acrylate, 
benzyl acrylate, phenyl acrylate, steaiyl acrylate, djefihyl maleate, hydroxyethyl acrylate, 
: hydroxypropyl acrylate, hydroxybutyl acrylate, also (meth)acrylic esters of allcoxylated Cr 
25 Cis-alcohols which have beeai reacted with from 2 to 50 mol of ethylene oxide, propylene 
oxide, butylene oxide or mixtures thereof; benzyl metihacrylate, phenyl methacrylate, 
stearyl methacrylate, methacryloi>itrile, styrene, a-methylstyrene, acryl onitrile, 
functionalized methacrylates; acrylates and styrenes selected from among glycidyl 
methacrylate, 2-hydroxyethyi methacrylate, hydroxypropyl methacrylate (all isomers), 
30 hydroxybutyl methacrylate (all isomers), diethylaminoethyl methacrylate, triethylene glycol 
methacrylate, itaconic anhydride, itaccnic acid, glycidyl acrylate, 2-hydroxyetliyl 
methacrylate, diethylaminoethyl acrylate, triethylene glycol acrylate, methacrylaraide, N- 
tert-butylmethacrylamide, N-n-butylmetliaerylamide, N-inethylolmethacrylarnide, Nt 
ethylolrriethacrylamide, N-tert-butylacrylamide, Nrbutylacrylamide, N-methylolacrylamide, 
35 N-ethylolacrylamide, vinylbenzpic acid (all isorriers), diethylaminostyrene (all isomers), a- 
methylvinylbenzoic acid (all isomers), dietiiylamino-tt-methylstyrene (all isomers), 
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p-methylstyrene, p-yinylbenzenesulfonic acid/ trimethoxysilylpropyl methacrylate, 
triethoxysilylpropyl methacrylate, tributoxysilylpropyl methacrylate, 

diethoxymethylsilylprppyl methacrylate, dibuloxymethylsilylpropyl methacrylate, 
diisopropoxymefhylsilylpropyl. methacrylate, dimethoxysilylpropyl methacrylate, 
5 diethoxysilylpropyl methacrylatej dibutoxysilylpropyl ' methacrylate, diisopropoxy- 
'silylprqpyl methaq-^'late, trimethoxysilylpropyl acrylate, triethoxysilylpropyl acrylate, 
tributoxysilylpropyl acrylate, dimethoxyrnethylsilylpropyl acrylate, , diethoxymethylsilyl- 
propyl acrylate, dibutoxyinethylsilylpropylacrylate,.diisopropoxyniethylsilylpropyl acrylate, 
dimethoxysilylpropyl acrylate, diethoxysilylpropyr acrylate, dibutoxysilylpropyl acrylate, 

10 . diisopropoxysilylpropyl acrylate. vinyl acetate and vinyl butyrate, vinyl chloride, vinyl 
fluoride, viriyl bromide, vinyl alcohol, vinyl ethers of Ci-Gis-alcohols, vinyl ethers of 
alkoxylated Ci -Cir alcohols aird vinyl ethers of polyalkylene oxides such as polyethylene 
oxide, polypropylene oxide or polybutylene oxide, monoethylenically unsaturated CpCior 
monocarboxylic acids, their alJcali rrietal salts anc^pr aaTimonittm saltsi for example aoylic 

15 add, rnethacryHc acid, dim ethyl aciyhc acid, ethylaciylic acid, allylaceti'c acid or vinylacetic 
. acid, also monpethylenically unsati^ acids, their monoesters. 

V anhydrides, alkali metal salts and/or ainmpnium salts, for example maleic acid, foraaric 
acid, itaconic acid, mesacbnic acid, methylenemalonic acid, citraconic add, maleic 
: anhydride, itaconic anhydride or methylmalonic anhydride; also monoethylenically 

20 unsaturated monomers .contaitiing sulfonic acid groups, for example allylsulfonic acid, 
styrenesulfonic acid, 2-acrylamido-2-methylpropanesulfonic acid, methallylsulfonic acid, 
vinylsulfonic acid, , ■ 3-sulfppropyl acrylate or 3-sulfppropyl methacrylate, also 
monoethylenically unsaturated mpnomers containing phosphonic acid groups, for example 

■ vinylphosphonic acid, allylphosphonic acid or aciylamidoethylpropanephpsphonic acid, 
25 also amides and N-substituted amides of monoethylenically tmsaturated C3-C10- 

mpnocarboxylic acids or. C4^Cs-dicarboxylic acids, for example aciylamiide, N- 
alkylacrylamides or N,N-dialkylacryl amides each having from 1 to 18 carbon atoms in the 

■ alkyl group, e.g. N-m ethyl acryl amide, N,N-dimethylacrylamide, N-tert-butylacrylamide or. 
>J-octadecylacrylamide, N-monomethylhexylxnaleamide, N-monodecyhnaleamide, 

30 diethylaminopropylmethacrylamide or acrylamidoglycolic acid; also alkylaminoaUcyl 
(meth)acrylates, for example dimethylaminoethyl acrylate, dimethylaminoethyl 
mefhaeiylate, ethylaminoethyl . acrylate, diethylarninoethyl methacrylate, 
dimethylaminopropyl acrj'late or diraethylaminopropyl meAacrylate; also vinyl esters such 
as vinyl formate, vinyl acetate or vinyl propionate, with these also being able to be present 

35 in saponified form ajfter the polymerization; also N-vinyl compouunds such as N- 
vinylpyrrolidone, N-vinyl caprplactam, N- vinyl foimainide, N:^vinyl7N-methylfonnamide, 1- 
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.■ vinylimidazole or l-vinyl-2-methylimida2:ole; also vinyl ethers of Ci-Cis-alcohols, vinyl 
ethers of alkoxylated Ci-Cis-aJcohols and vinyl ethers of polyalkylene oxides such as 
polyethylene oxide, polypropylene oxide or polybiatylene oxide, styrene or its derivatives 
such .as a-methjdstyrene, indene, dicyclopentadiene, monomers bearing amino or imino 
5 groups, eg: dimethyl arainoethyl methacrylate, dietbylaminoethyl acrylate, 
diethylarainopropylmethacrylamzde or allylamine, monomers bearing quaternary 
ammonium groups, e.g. in the form of saJts as are obtained by reaction of the basic amino 
functions with acids such as hydrochloric acid, sulfuric acid, nitric acid, formic acid or 
acetic acid or in fluatemized -form (examples of suitable quatemizatiori agents are dmethyl 

10 sulfate, diethyl sulfate, methyl . chloride, ethyl chloride or benzyl chloride), e.g. 
dimethylaminoetiiyl acrylate hydrochloride, diallyldirnethylammonium chloride, 
triniethylammonioethyl acrylate chloride, diinethylimiinpethylaminopropylmethaciylamide. 
: methosulfate, yinylpyridiniura salts or l-vinylimidazolium salts; monomers in which the 
amino groups and/or ammonium groups are set free only after the polymerization and 

15 subsequent hydrolysis, for example N-vinylforaiamide or N-vinylacet?|mide, and also 
mixtures of two or more of the abovementioned monomCTS. ^ 

In a jprefeired embodiment, styrene, acrylic or methacrylic acid, a Ci.io-alkyl, preferably 
CrC4-alkyl or -hydroxyalkyl acrylate or methacrylate, particularly preferably methyl 
20 . methacrylate (MMA), vinyl acetate, a substituted or unsubstituted vinylpyirolidone or a 
mixture of two or more of the monomers mentioiied is used as a first monomer (componeat 
A). Very particular preference is given to using a liiixture of styr^^^ , . 

Component B 
25 ■ ' 

As component (B), use is made of a compound of the forinula (I) 




30 (I) 

where Ri to R4 are as defined above. For the purposes of the present invention, a 
"heteroatom" is an atom other than carbon- which is capable of forming multiple bonds 
(double or triple bonds) with a carbon atom. 
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In' a preferred embodiment of the invention, l,l-dipheny]ethene, alkoxydiphenyl ethylene, 
Ll-dinaphthylethene. 4,4-vinyIidenebis(N,N'-dimethyIaniIine), 4,4-vinylidenebis(l- 
. aminobenzene), cis-stilbene, trans-stilbene, methyl a-phenylacrylate, methyl a- 
phenylinetIucTylate,^a-phenylacr)'lonitrile, a-phenylmethacrylonitrile or a mixture of two 
5. or more, thereof is used as compound of the formula (I). Particular preference is given to 
using 1,1 -diphenyletliene as compound of tiie fonnula (I). 

Fuither compounds which are likevvise sxiitable as compound of the formula (I) axe 
substituted diphenylethenes ^vhich are substituted by electron- withdrawing or electrpnr 

io donating substituents, e.g. tert-butyl, benzyl or CN groups, on either one or both aromatic 
hydrocarbon radicals, or alkoxydiphenyl ethylenes such as methoxydiphenylethylene. 
ethoxydiphenyl ethylene or tert-rbutyioxydiphenyl ethylene, and also, the analogous thio or 
amino compounds. 

.15 ; • Component C: -• . ■ ' ; 

. . The propess of the present invention is carried out in the presence of at least one free- 
radical, initiator, with oxidizing free-radical initiators being prefetred here. The initiator is 
,- preferatily spluble in l3ie solvent used or at least in the monpiiiers used for the 
- 20 polymerization. However, it is generally possible to use all azo and/or peroxo compounds 
custpmarily used in free-radical chain polymerization. 

Suitable initiators are described in WQ 98/01478 on page 10, lines 17-34, which is hereby 
' , fully incorporated by reference into the present patent application. 
25' '■ .... r ■ .' ■: 

yei7 particular preference is given to using AIBN or benzoyl peroxide as free-radical 
. initiators. •. . 

In a preferred embodiment of tiie process of the present invention, a comparatively large 
30 amount of the free-radical initiator is added, with the proportion of free-radical initiator in 
the reaction nnixture preferably being from 0.5 to 20% by weight, particularly preferably 
from 1 to 10% by weight, in each case based on the total amount of the components (A), 
(B) and (D). The ratio of initiator to compound of the formula (I) is preferably from 3:1 to 
1:3, morepreferably from 2:1 to 1:2 and in particular from 1.5:1 to 1:1.5. 



Il,.m, 2003 1 I;03 . ISENBRUCK EI AL- 

O.Z.0050/5374-2/Sue' . 



NR. 896 S. 



5 



10 



2Q 



25 



-9. 



Component D: 

As component D, /use is made, according to the present invention, of a free-radically 
polymerizable monomer which is halogenated or contains sulfonyl groups. j 

Preference is given to using 2-chloropropene or a monomer of the fomula (II): 

x-k . („) 




where 



X is a single bond or a substilTjted or unsubsti tut ed arylene radical, 

preferably an arylene radical substituted by from 1 to 4 alkyl groups, preferably Ci- 
- do-alkyl groups, or a phenylene radical or a substimted or unsubstituted alkylene 
radical, preferably a C2-C4-alkylene radical, which may be substituted by one or 
IS more alkyl groups, preferably,,Ci-Cs-alkyl groups, or a radicdo , 



particularly preferably an aiylene radical substituted by from one to 4 d-Cio-alkyl 
groups, a phenylene radical or a radical of the. fomiula 

■ ■ / ■'. ■ o • . 



very pajFticularly preferably a phenylene radical; ■ 

R, R- aridR" are each hydrogen or a Ci-Cs-alkyl radical, preferably methyl, ethyl or 
hydrogen, very particularly preferably hydrogen or methyl; 

n is from 1 to 3, pr;eferably 1, 

. and 
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Y is a halogen radicd, preferably CI, or a sulfon 



5 The component (P) is very particularly preferably 2-chlpropropene or a compound of the 
, formula (II) selected fix>in the group consisting of 4-(chlorome11iyl)styrene (CMS). . 

Preference is given to using from 30 to 98.9% by weight, preferably from 60 to 97.5% by 
weight, of the component (A), • 

• 10 from 0.1 tp20%byweight, preferably frorap-S to 10% by weight, of the compoiientXB), 

from 1 to 50% by weight, preferably from 2 to 30% by weight, particularly preferably froin , 
5 to 25% by weight, of the component (D),' 
- where the of the cpraponen 
and 

• 15 from 0.5 to 20% by weight, preferably from .l to 10% by weight, of the component (CX 

; . based on the siiin of the components (A): (B) and (D), , • ; ' . 

inthe process of the present invention. > . 

The process of the present invention can be carried out in an organic solvent of in the 
20 absence of solvent ("in ipulk"), in the presence or absence of water, or in an aqueous phase. 
In a preferred embodiment of tiie present invention, the process of the jpresent invention is 
• carried out in an organic solvent. - '• 

. As solvents in the process of the present invention, it isin principle possible to use all polar 
25 and 'nonpolaf .organic solvents in which Ae respective components and preferably also the ., 
polymers fonned are soluble, if appropriate^at elevated temperature. Suitable solvents are, 
for example. Cj-Cio-alkanes, cyclohexane, decalin, acetone, methyl ethyl ketone, 
diisobutyl ketone, tetrahydrofuran, dioxane, benzene, toluene, glycols such as ethylene 
glycol, triethylene glycol, partially or completely end-gfoup-capped glycol ethers such as 
30 ethylene glycol monomethyl ether, ethyl acetatCj methariol or ethanol or the higher 
homologues of allcariols having up to 18 carbon atoins (if apprppriatie as cosolvent) or, 
mixtures of two or more thereof. Particular preference is given to using toluene as solvent. 

The process of the present invention is generally carried out at temperatures above room 
35 temperatore and below the decomposition temperature of the monomers, preferably in a .. 
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temperature range from 50 to 150°C, particularly preferably from 60 to 120°C arid very 
particularly preferably from 70 to UO°C. ' . ' ^ 

■ The process of the present invention is generally cairied out at pressures of from 1 to 
5 300 bar, preferably from 1 .5 to 1 00 bar, particularly prefa^ably from 2 to 20 bar. 

The nuniber average -molecular weight (Mn; determined by means of gel permeation 
chromatography (GPC)) of the reaction products (RP) which can be prepared by the 
process of the present patent application is generally from 500 to . 10*, preferably from 
10 1 000 to 5 x lO^ particularly preferably from 2000 to . 16^ 

The molecular weights of the reaction product (RP) can be controlled within wide limits by 
' choice of the ratio of monomers (components A and D) to compounds (1) (component B) to 
the free-radical initiator (component C). Here, the content of compound (I), in particular, 
15 determines the molecular weight, with the molecular, weights obtained decreasing as the 
proportion of compound (I) increases. 

. Although there are no restrictions in respect bf the molecular weight distribution, a reaction 
product (RP) having a molecular weight distribution (pplydispersity index, PDI (M^/Mn), 
. 20 where Ma is the number average molecular weight and Mw is the weight average molecular 
weight) measured by means of gel permeation chroiiiatography using polystyrene as 
staindard of 4, preferably 3, more preferably 2, in particular 1.7 and in some cases even 1.3, 
can be obtained in the process of the present invention. 

25 The procedure^ for carrying out the free-radical polymerization and suitable apparatuses are 
known to those skilled in the art. 

: ■ In. a preferred embodiment, the process of the present invention comprises the following 
steps: 

30 ■ . . 

(i) reaction of the components (A), (B) and (C) under free-radical conditions to form a 
reaction prpduct (RP'); 

(ii) reaction of the reaction product (RP') with the component (D) and, if desired, 
fiirther free-radically polymerizable monomers (component (A)) which are different 

35 from, the free-radically polymerizable monomers used in step (i). 
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Suitable components (A), (B), (C) and (D) have been mentioned above, ij'he reaction 
conditions mentioned above apply to both step (i) and step (ii). 

. The reaction product (RP'); obtained in step (i) c^ either be isolated by methods knowii to 
5 those slcilled in the art. e.g. by precipitation, with a nonpolar solvent, e.g, hexane, 
separation, 'if desired reprecipitation with hexane from a polar solvent, e.g. chlorofompi, 
and, if desired, drying, e.g. undeir reduced pressure, or used directly without ftiither work- 
up in step (ii). . ' 

10 The addition of an additional initiator is not necessary in step (ii). The reaction product 
(RP) obtained in step (li) is isolated by methods known to those skilled in the art, e.g. by 
precipitation with a nonpolar solvent, e.g. cyclohexane, and, if desired, reprecipitation with 
■. ' cyclohexane or another nonpolar solvent from a polar solvent, e.g, chloroform. The 
isolated reaction product (RP) obtained is preferably dried, e.g, by spray drying or freeze 

15 drying. . . 

In a- further, preferred embodiment of the process, df the present invention, the components 
(A), (B),.(G) and (D) are reacted iri one step. " ' . ' 

20 Suitable components (A), (B), (C) and (D) and suitable reaction conditions have been 
mentioned above; 

Preference is given to placing the monomers (A) and (D) in a reaction, vessel, particularly 
preferably in one of the abovementioned organic solvents, and subsequently adding the 
25 components (C) and (D). The' reaction mixture is subsequently reacted under the 
abovementioned reaction conditions. The desired reaction product (RP) is generally 
obtained from the reaction solution by precipitation in a nonsolvent (i.e. a compound in 
which the reaction product (RP) is insoluble or only slightiy soluble) and subsequent 
drying, e.g. spray dr5^ng or vacuum diying. . 

,30 

The process of the present invention thus makes it possible to prepare, depending . on the 
reaction conditions, random copolymers, block or multiblock or gradient (co)polymers, 
star-shaped polymeis, graft copolymers and branched (co)polymers. 

35 Preference is given' to obtaining functionaJized block copolymers by means of the first 
. preferred embodiment. 
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The present invention further provides a reaction product (RP) which is functionalized by 
halogen-containing groups or sulfonyi groups . and caii be prepared by the process of the 
present invention: The reaction product (RJP) is particularly preferably made up of the 
5 abovementioned preferred rnpnomers. 

The process of tihe present invention is very particularly preferably used for preparing 

. polymers (reaction products (RP)) having the following structures: 

poly(methyl methacrylate-b-(p-chloromethylstyrene-co-styrene), / , '; ' ' 
10 poly(methylinethacrylate-co-p-chioromethylstyrene), , ■, 

poly(d6decyl methaciylate-co-p-chloromethylstyrene),' ■ 
- poly(ethyUiexyl acrylate-co-p-chJoromethylstyrene)/ 

poly(eth3'lhexyl methacrylate-co-p-chJoromelhylstyrene). 

poly(hydroxyethyl methaciylate-corp-chJojomethyJstyre^^ 
15 poly(hydrpxyeth3'l methacrylate-co-raethyl methaciylate-cp-^^ 

poly(hydroxyethyl acrylate-coTp-chloroinethylstyrene), 

poly(hydroxyeihyracryiate^co-metiiyl nlethacryla 

The reaction products (RP) which can be prepared by the process of the present invention 
20 are, in particular, suitable as macroinitiators because of their fimctionalization. They can be 

used as macroinitiators for any type of reaction in which appropriate functionalization is 
' required. The reaction products (RP) are particularly preferably used as macroinitiators in 

ATRP (atom transfer radical polymerization) and in cationic pol5mierizarion, These 

polymerization reactions give graft copolymers whose properties can be. tailored as a 
25 fionction of the miacroinitiator used aiid of the furthiar grafting reaction and the monomers 

used therein to obtain particiilar desired properties. 

The present invention therefore, also provides for the use of a reaction product (RP) as 
,^ macroinitiator in the preparation of graft copolymers and provides a process for preparing 
30 graft popolymers by reaction of a reaction product (RP) with at least one suitable monomer 
(component (E)), with the process particularly preferably being a cationic polymerization. 

The preparation of graft copolymers by a combination of controlled polymerization in the 
presence of compounds of the formula (I) to prepare a functionalized macroinitiator and 
35 cationic polymerization or ATRP is not knovm from the prior-art. 
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This combination makes it possible to prepare tailored graft copolymers for numerous 
applications. In particiilar, graft copolyniers made up of structural units obtainable from 
polar monomers by free-radical polymerization and structural , units obtainable from 
nonpolar monomers by preferably cationic polymerisation can be obtained 

.5 ■ ■ . : , . . . ■ ■■ 

Component E: 

Suitable monomers are dependent, inter alisij on the process by which grafting is carried 
out " Preferred processes are ATRP or catipnie polymerization. If . the desired graft 
10 copolymers are prepared by ATRP, it is possible to i;se all rnonomers which are usually 
suitable for ATRP as mdnomers. Such monomers correspond to the monomers used as 
. component (A) and have already beeii mentis " . ; . . 

* /■■■.■■ ■ ' i ^ ■ ' ' 

If the desired giraft copolymers are prepared by cationic polymerization,- all monomers 
15 which are usually suitable for cationic polyroerization can be used as monomers. Suitable 
monomers include monomers having a sufficiently high nudieophilicity, e.g. olefins, vinyl 
ethers, styrerie and its derivatives, ethers, thioethers, esters, acetais and alkylene oxides. 
The process 'of the present invention is preferably carried out using olefins, particularly 
preferably isobutene or mixtures of isobutene with a-olefins, or cyclic ethers, particularly 
20 preferably tefrahydrofbran (THF), dioxolane (DXL) or dioxane, as monomers (component 
(E)). Very particular preference is given to using t^trahydrofe 

The preferred preparation of the graft copolymers is . usually carried out by cationic 
■ polynlerization by means of the ''gr£ifLing fr6iri'' iiiechanism' in. which the riionomers ' are 

25 grafted onto the main polymer- chain. ,The cationic polymerization is carried out by methods 
known to those skilled in the art using the reaction product (RP) as macroinitiator. The 
cationic polymerization (grafting) is usually carried out by dissolving the reaction product 
(RP) used as macroinitiator in a polar solvent, e.g. dichloroinethane, adding one or more 
mondiriers (component (E)) and preferably additionally adding a coinitiator. Suitable 

30 coinitiators are Lewis acids such as boron trifluoride, alkylaluminum chlorides, e.g. 
diethylaluminum chloride, aluminum alkyls, e.g. tnethylaluminum or trimethyialUminum, 
and titaiuum halides, e.g TiCl4 or silver perchlorate. 

The component (E) is used in a molar ratio to the groups containing halogen or sulfonyl 
35 chloride present in the reaction product (RP) used as macroinitiator of generally lO"* : 1, 
preferably 5000 : 1, iparticul^ly preferably 2000 : 1. 
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The initiator efficiency based on the conversion of the ^oups containing halogen or 
sulfonyl chloride present in the macroinitiatgr is generally from 30 to 100%, preferably 
from 60 to 100%. 

The graft copolymers obt^ed display a slight increase in the molecular weight distribution 
compared to the corresponding macroinitiators. Nevertheless, a narrow molecular weight 
distribution is found. The molecular weight distribution of the graft copolymers is 
preferably < 2.5, particularly preferably $ 2. ■ • • 

The present invention fiirther provides graft copolymers which can be prepared by the 
process of the present invention. ■ 

Very particularly preferred graft: CppolyTners which can be prepared by the process of the 
present invention are 

poly(methylmethacrylate-b-p6iy(styrene-c6-chJG 
poly(methyrinethacrylate-co-prchlorometh>1styrene^g-isobuteneX 
poly(dodecyl methacaylaterco-p-chlorpmethylstyrene-g-ispbutene), 
poly(ethylhexYl aaylate-corp-chloromelhyljlyren^^ 
.poly(ethylhexyrmethacrylate-co-p-Gh!oromethyIstyrene-g-isobutene), 
poly(hydroxyethyl methacrylate-co-(p-chloromethylstyrene-g-isobutene), 
poIy(hydroxyethyl , methacrylate-^co-methyl rhethacrylate-co-p-chloromethylstyrene-g- 
, isobutene), . ' , , . 

poly(hydroxyethyl acrylate-co-p-chloromethylstyrene-g-isobutene), 
poly(hydroxyethyl acrylate-co-methyl methacrylate-co-p-chloromethylstyrene-g-isobutene), 
poly(methyI methacrylate-b-poly(styrene-co-chloromethylstyrene-g-tetrahydrofiiran)), 
poly(raethyI methacTylate-co-p-cWoromethylstyrene-g-tetrahydroforan), 
poly(dodecyl methacrylate-co-p-chlpromethylstyrene-g-tetrahydrofiaran), 
po]y(ethylhexyl ,aqrylate-co-p-chloromethylstyrene-g4elrahyd^^ 
poly(ethylhexylinethacrylate-co-p-chloromethylstyrene-g-tetrahydrofuran), 
poly(hydroxyethyl methacrylate^co-(p^chloro,methylstyreneTg-tetrahydrofbr 
poly(hydroxyetiiyl methacrylate-co-methyl methacrylate-co-p^chloromethylstyrene-g- 
tetrahydrofiiran), 

poly(hydroxyethyl aocykte-co-prchloromethylstyrene-g^tetrahydrofiffari), 
poly(hydroxyeaiyl acrylate-co-methyl methax:Tylate-co-p-clilorpinethylstyrene-g- 
tetrahydrofuran), 
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poly(methyl me1hacrylate-b^pol>^styrene-^ 
poly(methylmethac3yIate-co-p-cWoromethyls^ 

poIy(dodecyl methacrylate-co-p-chlororaetliylstyrene-g-dioxolane), . - 
poly(ethylhexyl acrylate-co-p-chloromethylstyrene-g-dioxolajne), 
5 poly(eth54hexyl methacrylate-(X)-p-chloromethylstyrene-g^dioxolane), 
. poly(hydroxyethyl methacrylate-co-(p-chloroinethylstyrene-g-dioxolane), 
poly(hydroxyethyl methacrylate-co-methyl methaerj4ate-co-p-chlorpmetihyIstyren,e-^ 
dioxolane), 

poIy(hydroxyethyl acrylate-cp-p-cWoromethylstyrene-g-dioxolane), 
10 poly(liydroxyethyl acrylatp-eo-methyl methaciylate-co-p-chloromethylstyrene-g- 
- dioxolane). , . ' '• . '^ , . ' ': . 

th£: graft copolymers which can be prepared by the process of the present invention are 
preferably used as phase coinpatibilizers, e.g. in polymer mixtures, adhesion prompters, for 
15 hydrpphilieizing surfaces, as binders for paint and varnish compositions, in coating 
compositions and in laiondry detergents and cleaners. 

The popplymers of isobutene which is preferably lised as monomer (component (E)), are 
used, for exaiiiple, for preparing fiiel and lubricant additives, as elastomers, as adhesives or 
20" adhesive raw materials, as base constituents of sealants and encapsulation compositions, in 
coating systems., in particular in those having a ibarrier action, against water vapor, and in 
chewing gum, coithpositions. 

Block copolymers of isobutene with vinylarpmatic' monomers display, in particular, 
25 elastomeric properties and a high impermeability to gas, so that they are particularly 
sxiitable for applications in which these properties affe required. / 

The following examples illustrate the invention. 

30 ■ Exainples . ' ■ 

Materials used , 

, Methyl methaerylate (Nlh'lA), n-dpdecyl methacrylate (DDMA^ 2-.ethylhexyl acrylate 
35 (?HA), styrene and p-chlorpmethylst^Tene were purified by passing them through a colunm 
of basic AI2O3 and subsequently distilling them. Diphenylethene (DPE) was distilled 
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before use. Azobisisobutyronitrile (AIBN) was recrystallized from methanol. Isobutene 
■ (Linde) was passed through a coliinin of molecular sieves and through a colimm containing 
potassium on aluminum oxide, piethylalumiiiuin chloride (DEAC) (1.0 molar solution in 
hexane) was used as received: Tetrahydrofuran (THF), dioxolane (DXL), dichloromethane 
5 • and toluene were dried over calcimn hydride for 48 hours and subsequently distilled..Silver 
perchlorate was used as received and stored under argon. 

Measurements ; 

10 The molecular weights and molecxilar weight distributions were deterniined using a Waters 
510 gel permeation chromatograph with UV (Waters 486) and RI (Waters 410) detectors 
and, in the case of the two^stage preparation of the reaction product (RP) and cationic 
polymerization with isobutene, With Showa Denko colunms (Shodex K.-802,5, K-804, K- 
805) which were calibrated with a linear polystyrene standard or. in the case of the single- 

15 stage preparation of the reaction product (RJP) and subsequent poiymerization with THF oi? 
PXL, with Polymer Laboratories columns (PLgel 10|im MIXED B) which were calibrated 
with linear polystyrene as standard. CUorbform was-used 

The ^H^NN4R spectra were measured at 300 K in CPCI3 as soh'ent using a Bruker ARX 

-20 .:300.. 

.A.' 2rstage preparation of the reaction product (RF) 

' AJ. Poly(methyl methacrylate) 

25 15 ml (131.28 mmol) of methyl methacrylate were degassed by means of three freezing, 
pumiping and thawing cycles. 70 mg (0.3 mol%) of .A.IBN and 1 12.0 |^1 (0.45 mol%) of 1,1- 
diphenylethene (DPE) were subsequently added to the monomer and the mixture was 
stin-ed at 80°C for 2 hours. The polymer, obtained (yield; 4.2 g) was precipitated in 300 ml 
of hexane and reprecipitated from CHCI3 in 300 ml of hexane and subsequently dried 

30 under reduced pressure. 

. A2. Poty(methyl ntethacrylate-b-(p-chloromethyl5iy^ 

■ 270 mg (0.015 mmol) of poly(inethyl methacrylate) (PMMA), 2 ml (17 mmol) of styrene 
35 and 2 ml (14 mrnoi) of 4-chloromethylstyrene (CMS) were dissolved in 80 ml of toluene. 
The polymenzatioti was started by heating the mixture to 85°C^ After 3 hours, the solution 
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was cooled to room temperature. The pol^iner was precipitated in 300 ml of cyclohexane 
and reprecipitated twice from CHCI3 by means of 300 ml of cyclohexane and dried by 
. freeze drying (yield: 380 nig). 



10 



Tlie forbaation of a block- copolymer could be demonstrated by the increase in the 
molecular weight of the PMMA precursor (product from Example Al.) by means of GPC 
(gel pemieation chromatography). A monomodal molecular weight distribution witla 
virtually no residual PMMA is found in the chromatogram, i.e. the formation of the block 
copolymer is quantitative. The CMS content of the block copolymer is 19 mol%, as 
determined by ^H-NMR spectroscopy and GPG. 



B 



jPreparatign of a graft copolymer using the reaction product from Example A2. as 
macroinitiator . ' . 



15 BJ. Poly(Tiiethylmethacrylate'b-poly(styrene-co-chloromethyls^ 

. llie graft copolymerizations were carried out in an argon atmosphere at 8Q°G with 
^. exclusion of oxygen. 5 mg of the reaction product from Example A2. vvere dissolved in 
4 mil of CH2CI2 and added to a mixture" of 15 ml of hexane and 10 ml'of CHjCb which had 
20 been iprecooled.to -SO^C. Defined arnounts of isobutene (21 to 84 rniiiol) were added and- 
. the graft copoljTOerization was started by addition of 6.5 ml (6.5 inmol) of ,a precooled 0.1 
molar di ethyl alumintim • chloride solution in hexane. After one houTj . the reaction was 
stopped by addition of 3 ml of precooled methanol. 

25 Table 1 summarizes the results of the graft copolymerization of the reaction products 
(macroinitiators) from Example Al. and isobutene. ■ 



Table 1 



Polymer IBfit4 
30 mmol 
PMMA 

P(MMA-b-CMS- 
■ co-St) - ■ 

P(MMA'b-CMSr 



g/mol 
18 600 



27 000 



g/mol 
29 000 

42 000 



PDI 



1.5 



1.6 
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co-St-g-IB) ■ 5 
P(MMA.b-CMS- . ' 
co-St-g-IB) 10 
P(MMA-b-CMS- ' 
co-St-g-IB) 16 
P(MMA-b-CMS- 
co-St-g-IB) . 21 
P(MMA-b-CMS- 
co-St-g-IB) . 26 



57 700 



59 300 



68 400 



73 000 



75 500 



In the table: >. . 

EBfeed ampmit of isobutene in'mmpl 

Ma ' ■ number average moiecular weight 

Mw . VweightavCTage molecular weight 

15 . PDI polydispersity index [Mw/Mn] 



109 000 

110 000 
120 000 
133 000 " 
155 000 



1.9 
1.9 
1.7 
1.8 
2.0 



From the f esiilts detenniried by means of gel permeation chromatography (GPC), ^yhich are 
snmiriarized in Table 1 , it can be seen that the reaction product from Example A2. serves ?is 
macroinitiator in the polymerization of isobutene. No transfer reaction can be detected, 
20 . which is shown by the mpnomodal distribution and the relatively low polydispersity of the 
graft Gopolymers pbtained. .. 

C Single-stage preparation of the reaction product (RP) 

25, CJ. Poly(meth)acrylate macroinitiators: ■ . 

47.5 mmol of (meth)acrylate (methyl methacr^'late for Mil, dodecyl methaciylate for MI2, 
ethylhexyl acrylate for MIS) and 3 mmol of CMS were dissolved in 11 ml of toluene and 
degassed by three freezing, pumping and tha-wdng cycles, 24.6 mg of AIBN and 26.4 \i\ of 
30 DPE were subsequently added to the monomer solution, and the mixture was stirred at 
' 80°C for one day. The copolymers obtained (yields; Mil: 4.5 g, MI2: 10.3 g, MB: 6.0 g) 
were precipitated in 500 ml of methanol and reprecipitated from CHCI3 in 500 ml of 
ethanol and dried under reduced pressure, 



35 The mcorpdra'tion of CMS into the polymer was demonstrated by ^H-NMR. 
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P Graft copolymers 

Dh Graft copolymer GPl 

5 . 160 mg of Mil, .12 ml (148 mmol) of THF and 40 mg (0.19 mmol) of silver perchJorate 
were dissolved in 10 ml of dichloromethane and stirred at room temperature for 20 hours. 
All volatile compounds were subsequently removed under reduced pressure. The product 
obtained was dissolved in 10. ml of chloroform, filtered and precipitated in 200 ml of 
methanol. Drying under reduced pressure gave 370.mg of polymer. 

1)2. Graft copolymer GP2 

260 mg pf MI2^ 10 nil (124 mmol) of THF^and 20 mg (6:096 mmol) of silver perchlorate 
' were dissolved in IQ ml of dichlorpm ethane and stirred at rooin temperature for 22 hours. 
15 ■ The solution was subsequently filtered and precipitated in 200 iiil of ethanol. Prying under 
reduced pressure gave 380 mg of polymer, 

PS. Graft copolymer GPS 

20 - 520 mg of MI2, 3 nil (42,9 nraiol) of dipxplane and' 40 mg (0,193 mmol) of silver : 
perchlorate were dissolved in 7.5 nil of toluene and stirred at room temperature for one 
hour. All volatile components were subsequently removed under reduced pressure. The 
residue was dissolved in 20 ml of chloroform, filtered and precipitated in 300 ml of 
etJianol. Drying under reduced pressiure gave 3.29 g of polymer. 

. 25- ' - 



D4. Graft copolymer GP4 - . 

480 mg of MI3, 10 ml (124 mmol) of THF and 60 mg (0.298 mmol) of silver perchlorate 
30 were dissolved in 7.5 ml of toluene and stirred at room temperature for 24 hours. All 
volatile compounds were subsequently, removed, under rediiced pressure. The residue was 
then dissolved in 15 ml of chloroform, filtered and precipitated in 300 ml of ethanol. 
Drying under reduced pressure gave 670 mg of polymer. 
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" D5. Graft copolymer GP5 

700 mg of MB, 3 ml (42.9 jmrnol) of dioxolane and 80 rag (0.386' mmol) of. silver 
perchlorate were dissolved in 7.5 ml of toluene and stirred at room tempieratufe for 1 hour. 
' 5 All volatile components were subsequently removed'under reduced pressure. The residue 
was dissolved in . 30 nd of chloroform, filtered and precipitated iii 400 ml of ethanoL 
Drying uiider reduced pressure gave 2.8 g of polymer. 

Table 2 shows the niolar masses and the benzyl chloride content of the macroinitiators 
10 prepared in the examples: 

. Table 2: Characterization of the macroinitiators prepared by a single-stage^ reaction : 
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Polymer Yield M„ 



Mil 
MI2 
MI3 



86.3% 

82.2% 
65.7% 



M«, • PDI Composition 

■ . '(NMR) 

45 000 78 000 , 1.70' MMA/CMS^^IS 

69 900 99.900 .• 1.43 DDJyIA/CMS = 21 

3S4G0 • . 60 400 . 1.57 EHA/GMS = 16, 
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In the table: 

■Hi ■ ■ 

PDI 

Composition: 



number average rpolecular weight ' 
weight average molecular weight ' / 
polydisparsity index (Mvk/Mn) 

molar ratio of component A to component D, determined hy ■ H- 
NMR spectroscopy 



. ^ All macroinitiators prqjared were active as initiators in the ring-opening polymerization of 
cychc ethers in the presence of silver perchlorate as coinitiator. The initiator efficiency, 
determined by 'H-NMR, is from 30 to 100%, based on the benzyl chloride conversion (see 
30 Table 3: Characterization of the graft copolyiners). 

. The occurrence of grafting could be confirmed by a rise in the molar masses, determined by 
gel peraieation chromatography (GPC), of the graft copolymers obtained. 



35 A characterization of the resulting graft copolymers by gel permeation chromatography 
(GPC) and 'H-NMR is summarized in Table 3. 
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TabUS: Characterization of the graft copolyrtiers . 



Polymer Ininator Mn 

efTicimcy 
GPl 604% ■ 184 0.00 



GP2 100% , 105 000 



10 .. GP3 .100% , 73 500 



.GP4 100% ' 40 400 



GP5 30.0% 46 100 
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• Mw PDI Composition 

(NMR) 

310 000 1.70 MMAyiHF 

, ^1^1-5 ; 

207 0001.98 ^PMA/THF. 
1/1.1 

■ 134 400 L83 DDMA/THF 

. . .1/16.8 
. 103 000 2,55 EHA/THF 

. 1/0-9 . 

; .72 200 1.59 EHA/DXL 
. 1/6.7 ..' 



Composition 

(gravimefry) 

MMA/THF 

1/1.8; 

DDMA/THF 
1/1.6 

DDMA/DXL, 

1/18.4 

EHA/THF 

1/1.4- 

EHA/DXL ■ 

1/7.5 
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In the table; ■ 

;pDi ' . 

Composition: 



number average molecular weight 
weight average molecular weight 

pplydispersity jndex (Mv'Mfl) \ 
molar- ratio of component A^ to component D, determined by ^H- 
NMR spectroscopy or by gravimelxy 
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In all, cases, the composition determined by gravimetiy has a higher polyether content than 
the composition determined by means of ^H-NK-IR. All graft copolymers are elastomeric, 
which makes drying difficult. The overestimation of the conversion in the case of 
gravimetry is thus probably attributable to solvent residues in the polymer. 



